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Abstract 
A study was conducted to evaluate the in vitro gas production and post-incubation parameters of cotton seed 
(Gossypium spp) and cotton seed by-products. Cotton seed was processed into four different sample types 
regarded as treatments i.e. raw cotton seed(A), parboiled cotton seed (B), roasted (C) and cotton seed cake (D). 
All the chemical constituents investigated were all similar for all treatments (p>0.05). Highest DM (90.07% DM) 
and CP (24.72% DM) results were obtained from cottonseed cake (D). In vitro gas production characteristics of 
cotton seed and cotton seed by-products were determined at 24hrs of incubation. The gas production results were 
significantly different (p<0.05) in all the cottonseed by-products. The result revealed after 24hrs, that cotton seed 
cake had the highest value of in vitro gas production from soluble and insoluble fraction, potential extent gas 
production as well as the volume of gas produced at incubation time. It can be concluded from the chemical 
constituent findings of this research, that cottonseed cake had highest crude protein and digestibility (or possess 
good fibre content) when compared to feeds consisting of other cottonseed by-products.       
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1-INTRODUCTION 
A major problem facing ruminant livestock producers in tropical areas is poor nutrition for their animals during 
the dry season when pastures and crop residues are limiting in nutritional quality (Murphy and Colucci 1999). 
Normally, it is during this period when problems such as sickness and weight losses due to poor dietary profiles 
arise (Ravhuhali et al., 2010). One of the ultimate objectives of livestock farmers is the efficient conversion of 
feeds which are either inedible by man or surplus to his requirements into animal products. However, 
conventional animal feeds are rapidly becoming more expensive due to the continual pressure on world feed 
resources by the ever increasing human population (Raji, 2009). Tropical plants and agricultural by-products 
represent an important fodder reserve for livestock in harsh conditions that can be used by grazing ruminant in 
periods of feed scarcity or drought. Many agricultural residues are poorly digested by ruminants because of their 
high content of cell wall materials. Physical and chemical methods are often used to break down the 
lignocellulosic materials of some agricultural residues and thereby improve the feeding value of crop residues 
such as stalks or straws.  
Cotton is of the Gossypium genus that is grown on every major continent and on West Indies and 
Pacific Basin islands. Cotton is cultivated in areas of intense heat. In the dryer climates irrigation produces high 
quality cotton. Cotton is considered the most prominent source of textile fibre in the world. It makes up over 
40% of the total fibre used in the world (USDA ERS, 2002). Fuzzy or whole cottonseed is the linted cottonseed 
remaining after the ginning process to remove cotton fibres for textile production (NCPA, 2002). Whole 
cottonseed has been reported as a very important dairy feed, and a lesser important beef and sheep feed. It is 
added to dairy feed as a concentrated source of protein, fat and energy at levels of up to 15% of the total diet or 
at a total dietary amount of 1.8 - 3.2 kg per head per day. Higher levels usually decrease feed intake (OECD, 
2009). However, cottonseed is sometimes delinted and not further processed. For ruminant animals, proximate 
analysis, fibre constituents and in vitro gas production is important to delineate its nutrient value. The objective 
of this experiment was to determine the proximate analysis, fibre constituents and in vitro gas production of 
cottonseed and its by-products. 
 
2-MATERIALS AND METHODS 
2.1-Experimental sites 
The experiment was conducted in the Ruminant Nutrition Laboratory, Department of Animal Science, 
University of Ibadan, Nigeria. The location was 7º 27' N and 3º 45' E at an altitude of 200-300 m above sea level. 
The average annual rainfall was about 1250 mm with a mean temperature of 25 - 29ºC. 
 
2.2-Experimental design and sample preparation  
The study was designed in a randomized complete block design in which cottonseed was processed into four 
different treatments namely raw cottonseed (as control) (A), parboiled cottonseed (B), roasted (C) and 
cottonseed cake (D). Parboiled cottonseed were obtained when raw cottonseeds were soaked in boiling water for 
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10 minutes while raw cottonseed was roasted using frying pan. The samples (A-D) were thereafter oven dried at 
100oC, and they were ground separately, using hand mill. 
 
2.3-Chemical analysis  
Proximate composition was determined according to A.O.A.C (2000). Fibre fractions; Neutral Detergent Fibre 
(NDF), Acid Detergent Fibre (ADF) and Acid Detergent Lignin (ADL) were determined using the method of 
Van Soest et al (1991). Cellulose was taken as the difference between ADF and ADL while hemicellulose was 
calculated as the difference between NDF and ADF. The in vitro gas production was determined following the 
procedure of Menke and Steingass (1988). The volume of gas produced at intervals of 3 hours was determined 
by the measurement of the piston displacement level during the period of incubation. The gas volume of each 
sample was obtained from the difference between the volume of gas produced by the blank syringes and the 
volume of gas produced in each of the treatment samples syringe. Organic matter digestibility (OMD) and 
Metabolizable energy (ME) were calculated following the procedure of Menke and Steingass (1988), while 
SCFA was calculated as described by Getachew et al (2002). At the end of 24 hours of incubation, 4 ml NaOH 
was added to the substrate in each syringe to determine the methane production. Rates and extent of gas 
production were determined for each substrate from the linear equation:                         
Y = a + b (1 – e–ct) described by Ǿrskov and McDonald (1979), where:  
Y = volume of gas produced at time ‘t’,  
a = intercept (gas produced from the soluble fraction),  
b = Potential gas production (ml/ g DM) from the insoluble fraction,  
c = gas production rate constant (h -1) for the insoluble fraction (b),  
t = incubation time.  
 
2.4-Statistical Analysis 
All data were subjected to analysis of variance (ANOVA) using SAS model (1999), and means were separated 
using Duncan’s Multiple Range Test (Duncan, 1955). 
 
3-RESULTS AND DISCUSSION 
Chemical compositions of cottonseed and cottonseed by-products are presented in Table 1. All the chemical 
constituents investigated were all similar for all treatments (p>0.05). Highest DM (90.07% DM) and CP (24.72% 
DM) results were obtained from cottonseed cake (D). The highest CP content (24.72%) obtained for the 
cottonseed cake was lower than the results reported by Jagadi et al (1987) for untoasted red beans; cowpea seeds; 
kapok expeller cake; sunflower expeller cake and Soya bean meal. The CP contents was somewhat higher than 
that reported for wheat straw (5.2 % DM; Chriyaa, 1997) and the CP contents of the by-products were similar to 
that reported for tall fescue and soybean stover and hulls (National Research Council (NRC), 1989). The CP of 
cottonseed cake (26.01%) obtained in this study was somewhat close to that reported for  cottonseed short linter 
residue (CLR)  (30.20 % DM) (Bo et al, 2012), and lies within the range reported for different varieties of 
cottonseed hulls (23.00 – 30.30 % DM)(Fadel, 1999; Robinson et al., 2001). Highest CF (27.00%) of roasted 
Cottonseed obtained was higher than that of the kapok expeller cake and at the same time lesser than sunflower 
cake as reported by Jagadi et al (1987). The EE content of the cottonseed by-products obtained in this study were 
lower than the value reported for cottonseed short linter residue (Bo et al, 2012) and delinted cottonseeds 
reviewed by Coppock et al. (1987) and closer that of whole cottonseeds reported by Sullivan et al. (1993) and 
NRC (1989). Parboiled cottonseed (B) had highest contents of NDF (67.00% DM), ADF (43.00 % DM) and 
ADL (16.00% DM).   
Table 2 (Figure 1) presents the sequential gas production of the cottonseed and cottonseed by-products. 
The gas production results were significantly different (p<0.05) in all the cottonseed by-products. Digestibility 
has been reported to be synonymous to in vitro gas production (Fievez et al., 2005) so that the higher the gas 
production the higher the digestibility. Gas production has been reported to be more affected by digestible 
energy content (e.g., the presence of starch and sugars) than by protein or fat content (Abate, 1980), and high 
degradable N compounds have been reported to decrease gas production to some extent (Krishnamoorthy et al., 
1995). In the present study, a higher degradation or digestibility was observed in cottonseed cake than for other 
by-products. It was speculated that cottonseed hull-associated protein of raw cottonseed (A), parboiled 
cottonseed (B) or roasted cottonseed (C) might not be a readily degraded form for rumen microorganisms.  
In vitro gas production and post-incubation characteristics or gas production kinetics of cottonseed and 
cottonseed by-products for 24 hours are shown in Table 3. The results revealed that there were significant 
differences (p<0.05) in the post-incubation characteristics except the rate of gas production rate (C) of 
cottonseed and cottonseed by-products. Methane production in the rumen is an energetically wasteful process. 
Approximately 6% of dietary gross energy intake is lost into the atmosphere as CH4 (Holter and Young, 1992; 
DeRamus et al., 2003). This CH4 in turn contributes to climatic change and global warming (Johnson and 
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Johnson, 1995), as CH4 traps outgoing terrestrial infrared radiation 20 times more effectively than does CO2. 
Comparatively highest and lowest CH4 proportions were observed in treatment D and C respectively. Long-chain 
fatty acids have been shown to decrease fibre digestibility and acetate production and to suppress methane 
production (Getachew et al., 2004; Getachew et al., 2005). The supplementation of whole cottonseed to dairy 
cows that are offered a forage and cereal diet resulted in a long term reduction in CH4 emissions, which might be 
caused by an overall increase in dietary fat content (Dohme et al., 2001; Grainger, 2010). Thus, the very high fat 
content of 17.00 % DM (Table 1) could explain why a comparatively high depression of CH4 would be obtained 
should the roasted cottonseed is used as a feed. The cottonseed cake produced the highest ME, OMD and SCFA 
contents of this study (Table 3).   
 
4-CONCLUSIONS 
There were similarities among the chemical compositions of the raw cottonseed and its by-products. It can be 
concluded from the chemical constituent findings of this research, that cottonseed cake had highest crude protein 
and digestible or good fibre content, when compared to feeds consisting of other cottonseed by-products. It can 
also be concluded that roasted cottonseed can be defined as a feed with a high crude protein and low digestible 
fibre contents, when compared to other cottonseed by-products of this study. However, In vitro gas 
characteristics result indicated that roasted cottonseed could be regarded and/or defined as a high energy and 
protein concentrate for ruminant animals that would be expected to generate comparatively less greenhouse gas 
due to its high fat content. 
 
REFERENCES 
AOAC. (2000).Official Methods of Analysis, 17th ed. Association of Official Analytical Chemists.Washington, 
DC 
Coppock, C. E, Lanham, J. K & Home, J. I. (1987). A review of the nutritive value and utilization of whole 
cottonseed, cottonseed meal and associated by-products by dairy cattle. Anim Feed Sci 
Technol.;18:89–129. 
Chriyaa, A, Moore, K. J & Waller, S. S. (1997). Browse foliage and annual legume pods as supplements to 
wheat straw for sheep. Anim Feed Sci Technol;62:85–96. 
DeRamus, H. A, Clement, T. C, Giampola, D. D & Dickison, P. C. (2003). Methane emissions of beef cattle on 
forages efficiency of grazing management systems. Journal of Environmental Quality. 32:269–277. 
Dohme, F., Machmueller, A., Wasserfallen, A., & Kreuzer, M. (2001). Ruminal methanogenesis as influenced 
by individual fatty acids supplemented to complete ruminant diets. Lett Appl Microbiol. 32:47–51. 
Duncan, D. B. (1955). Multiple Range F - Test Biometrics, 9: 1 - 42 
Fadel, J. G. (1999). Quantitative analyses of selected plant by-product feedstuffs, a global perspective. Anim 
Feed Sci Technol;79:255–268. 
Fievez, V., Babayemi, O. J. & Demeyer, D. (2005). Estimation of direct and indirect gas production in syringes: 
a tool to estimate short chain fatty acid production requiring minimal laboratory facilities. Anim. Feed 
Sci. Technol. (123 – 124): 197-210. 
Getachew , G., Crovetto, G. M & Fondevilla, M. (2002). Laboratory variation of 24h in vitro gas production and 
estimate metabolizable energy value of ruminant feeds. Animal Feeds Science Tech.102:169-180. 
Getachew, G., Robinson, P. H., DePeters, E. J., & Taylor S. J. (2004). Relationships between chemical 
composition, dry matter degradation and in vitro gas production of several ruminant feeds. Anim Feed 
Sci Technol.111:57–71.  
Getachew, G., Robinson, P. H., DePeters, E. J., Taylor, S. J., Gisi, D. D., Higginbotham, G. E. & Riordan, T. J. 
(2005). Methane production from commercial dairy rations estimated using an in vitro gas technique. 
Anim. Feed Sci. Technol. 123–124:391–402. 
Grainger, C., Williams, R., Clark, T., Wright, G. & Eckard, R. J. (2010). Supplementation with whole cottonseed 
causes long-term reduction of methane emission from diary cows offered a forage and cereal grain diet. 
Journal of Dairy Science. 93:2612–2619. 
Holter, J. B & Young, A. J. (1992). Methane production in dry and lactating dairy cows. Journal of Dairy 
Science. 75:2165–2175. 
Jagadi, M. M., Rundgren, M. & Ogle, R. B. (1987). Chemical composition and protein quality of Tanzanian 
cottonseed expeller cakes. 
Johnson, K. A & Johnson, D. E. (1995). Methane Emissions from cattle. Journal Animal Science 73:2483–2492. 
Menke, K. H. & Steingass, H. (1988). Estimation of the energetic feed value obtained from chemical analysis 
and in vitro gas production using rumen fluid. Animal Research and Development. Volume 28. pp. 7-
55. 
Murphy, A. M. & Colucci, P. E. (1999). A tropical forage solution to poor quality ruminant diets: A review of 
Lablab purpureus. Livestock Research for Rural Development, (11) 2. 
Journal of Biology, Agriculture and Healthcare                                                                                                                                www.iiste.org 
ISSN 2224-3208 (Paper)  ISSN 2225-093X (Online) 





NCPA (2002). Cottonseed Feed Product Guide, National Cottonseed Products Assoc., Cordova, TN, U.S.A, 
available online at http://www.cottonseed.com/publications/feedproductsguide.asp 
National Research Council (NRC). (1989). Nutrient requirements of dairy cattle. 6th rev edn. Natl Acad Sci; 
Washington DC, USA:. p.157. 
OECD (2009). Consensus document on compositional considerations for new varieties of cotton (Gossypium 
hirsutum and Gossypium barbadense): Key food and feed nutrients and anti-nutrients. 
Orskov, E. R & McDonald, I. (1979). The estimation of protein degradability in the rumen from incubation 
measurements weighted according to rate of passage. Journal of Agricultural Science. 92: 499-503. 
Krishnamoorthy, U., Soller, H., Steingas, H. & Menke, K. H. (1995). Energy and protein evaluation of tropical 
feedstuffs for whole tract and ruminal digestion by chemical analyses and rumen inoculum studies in 
vitro. Anim Feed Sci Technol.52:177–188. 
Ravhuhali, K. E., Ng’ambi, JW. & Norris, D. (2010). Chemical composition and enzymatic in vitro digestibility 
of cowpea cultivars and buffalo grass hay grown in Limpopo province of South Africa. 
Raji, M. O. (2009). In vitro Gas Production and Fermentative Characteristics of Cottonseed and Cottonseed By-
Products. MSc. Dissertation, Department of Animal Science, University of Ibadan, Ibadan. 53p 
Robinson, P. H., Getachew, G. & De Peters, E. J. (2001). Influence of variety and storage for up to 22 days on 
nutrient composition and gossypol level of Pima cottonseed (Gossypium spp.) Anim Feed Sci 
Technol.91:149–156. 
SAS. (1999). Statistical Analytical Systems. User’s guide. Version6. (3rd edition). Cary. North. Carolina. USA. 
943. 
Sullivan, J. L., Huber, J. T., Price, R. L. & Harper, J. M. (1993). Comparison of digestibility, nutritive value, and 
storage characteristics of different forms of cottonseed in diets fed to lactating dairy cows. Journal of 
Animal Science. 71:2837–2842. 
USDA ERS (United States Department of Agriculture, Economic Research Service). (2002). Cotton Background, 
USDA/ERS Washington D.C., available online at 
http://www.ers.usda.gov/briefing/cotton/background.htm 
Van Soest, P. J., Robertson, J. B. & Lewis, B. A. (1991). Methods for dietary fibre, neutral detergent fibre and 
non-starch polysaccharides in relation to animal nutrition. Journal of Dairy Science 74 (10): 3583-
3597. http://jds.fass.org/cgi/reprint/74/10/3583.pdf 
 
Table 1: Chemical compositions of cottonseed and cottonseed by-products. 
Constituents (%) A B C D SEM 
DM 89.35 89.08 90.02 90.07 0.16 
CP 18.38 24.07 24.72 26.91 0.15 
EE 16.00 13.00 17.00 14.00 0.24 
CF 24.00 25.00 27.00 14.00 0.25 
ASH 6.00 5.00 6.00 8.00 0.16 
NDF 58.00 67.00 55.00 38.00 0.10 
ADF 28.00 43.00 27.00 22.00 0.07 
ADL 12.00 16.00 10.00 6.00 0.01 
HEM 30.00 24.00 28.00 18.00 0.18 
CELL 16.00 27.00 17.00 16.00 0.27 
a, b, c: means with the same row with the same superscripts are not significantly different (p>0.05); A = Raw 
Cottonseed; B = Parboiled Cottonseed; C = Roasted Cottonseed; D = Cottonseed cake; SEM = Standard Error of 
Mean; DM = Dry matter; CP = Crude protein; NDF = Neutral detergent fibre; ADF = Acid detergent fibre; ADL 
= Acid detergent lignin; CELL = Cellulose; HEM = Hemicellulose. 
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Table 2: In vitro gas production of cottonseed and cottonseed by-products after 24 hours of incubation 
Time (hr) A B C D SEM 
3 2.67b 3.00b 2.33b 6.00a 0.46 
6 4.00b 3.67b 3.33b 7.67a 0.55 
9  5.33b 5.33b 3.67bc 9.67a 0.44 
12  5.33b 5.33b 4.33b 11.00a 0.55 
15 6.00b 7.67b 5.67b 18.00a 0.46 
18 6.33b 8.33b 5.67b 20.33a 0.50 
21 8.67b 8.33b 5.67b 23.00a 0.47 
24 8.67b 8.33b 6.00c 23.33a 0.37 
a, b, c: means with the same row with the same superscripts are not significantly different (p>0.05); A = Raw 
Cottonseed; B = Parboiled Cottonseed; C = Roasted Cottonseed; D = Cottonseed cake; SEM = Standard Error of 
Mean;  
 
FIGURE 1: Trend of the sequential in vitro gas production of the cottonseed and its by-products 
 
Table 3: In vitro gas production and post-incubation characteristics of cottonseed and cottonseed by- products for 
24 hours 
Parameter A B C D SEM 
a (ml) 2.67b 3.00b 2.33b 6.00a 0.46 
b (ml) 7.00b 5.33bc 3.67c 17.33a 0.41 
a + b (ml)  9.67b 8.33b 6.00c 23.33a 0.37 
c (hr-1)  0.07 0.09 0.09 0.08 0.01 
t (hr) 12.00 11.00 9.00 15.00 1.53 
Y (ml) 6.67b 6.33b 4.33b 18.00a 0.65 
METHANE 5.00b 5.00b 0.00b 12.00a 0.41 
ME (MJ/Kg DM) 4.63b 4.78b 4.50b 6.95a 0.09 
OMD (%) 35.65b 36.37b 35.24b 52.94a 0.57 
SCFA (µ mol) 0.29b 0.26b 0.20c 0.62a 0.02 
a, b, c, means with the same row with the same superscripts are not significantly different (p>0.05); A = Raw 
Cottonseed; B = Parboiled Cottonseed; C = Roasted Cottonseed; D = Cottonseed cake; SEM = Standard Error of 
Mean; a = Intercept (gas production from the soluble fraction); b = the gas production from the insoluble fraction; 
c = the gas production rate constant per insoluble fraction (b); t = incubation time; (a + b) = the potential extent 
of gas production; Y = volume of gas produced at time ‘t’. 
